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OPTIC SWITCH 



BACKGROUND 
Cross-Reference to Related Application 

[0001] This application is a Continuation of U.S. Patent Application No. 
09/752,901, filed December 29, 2000. 

Field of the Invention 

[0002] The invention relates to optical signaling and waveguides utilized in such 
signaling. 

Background 

[0003] Optical circuit's offer advantages over traditional electrical circuits, 
particularly in the perceived ability to provide higher speed data transmissions. Such 
transmissions may take place not only between computers, but also within machines, in 
which case board-to-board and chip-to-chip data commxmication using optical circuits 
can be utilized. 

[0004] In a conversion area of a light signal and an electrical signal, a light 
transmission path including an optical fiber or an optical waveguide, or a photoelectron 
conversion element (e.g., laser diode, photodiode, etc.) may be used. A circuit for 
optical information processing, e.g., an optical electronic integrated circuit (OEIC), 
typically may include a combination of a light transmission path or photoelectron 
conversion element(s), and a circuit (e.g., an integrated circuit for controlling an 
electronic element, processing an electronic signal, and/or a circuit for driving an 
electronic part). 
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[0005] An optical waveguide may be used, in one example, to couple an optical 
signal with an OEIC. In an optical waveguide, control of an index of refraction is 
necessary for a single mode light transmission. The typical optical waveguide includes 
a core portion and a cladding portion disposed above the core portion. The index of 
refraction of the cladding portion is generally slightly lower than the index of refraction 
of the core portion. For example, a typical specification for a silicon dioxide (SiOa) 
based single mode waveguide core and cladding portion includes a core size on the 
order of 6 to 8 microns by 6 to 8 microns, with a difference between an index of 
refraction of the core portion and that of the cladding portion on the order of about 0.25 
percent. 

[0006] As noted above, an important property of a waveguide lies in the difference 
in the index of refraction of the core and the cladding. In general, the difference in the 
index of refraction between the core portion and the cladding portion determines the 
amount of reflection of a light transmission through the waveguide. In the single mode 
waveguide, one objective is for total intemal reflection within the waveguide. Silicon 
dioxide based waveguides (i.e., where the core and cladding portions are both silicon 
dioxide) are limited in their index of refraction difference between the core portion and 
the cladding, such limit generally determined by the amount of dopants added to the 
cladding portion. 

[0007] What is needed is an improved waveguide. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] Figure 1 shows a schematic cross-sectional view of a portion of an optical 
substrate structure having a waveguide formed thereon in accordance with an 
embodiment of the invention. 

[0009] Figure 2 shows a schematic top plan view of a first embodiment of the 
structure of Figure 1 having a waveguide coupled to an optical fiber. 
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[0010] Figure 3 shows a schematic top plan view of a second embodiment of the 
structure of Figure 1 having a waveguide coupled to an optical fiber. 

[00111 Figure 4 schematically illustrates a top plan view of an optical signal path 
according to an embodiment of the invention. 

[0012] Figure 5 schematically illustrates a top plan view of a second embodiment 
of optical signal paths in accordance with an embodiment of the invention. 

[0013] Figure 6 schematically illustrates a top perspective view of a third 
embodiment of optical signal paths in accordance with an embodiment of the invention. 

DETAILED DESCRIPTION 

[0014] An apparatus is disclosed as is a method of routing an optical signal. In one 
embodiment, the apparatus is a waveguide comprising a body having a dimension 
suitable for light transmission therethrough. The body of the waveguide includes a 
core comprising a first portion including material having an index of refraction 
different than a second portion of the core and a cladding disposed about the core. A 
method of routing an optical signal includes selecting an optical path by modifying the 
index of refraction of the core portion of the waveguide. 

[0015] Figure 1 illustrates a schematic cross-sectional view of a portion of an 
optical structure. Optical structure ICQ includes substrate 110 that is, for example, a 
semiconductor substrate (including, as a portion, a silicon substrate), a polyimide 
substrate, a ceramic substrate, a multi-layer ceramic electric circuit substrate, and a thin 
film multi-layer circuit substrate. Substrate 110 may have a plurality of circuits formed 
thereon, including an OEIC and control circuit(s) as known in the art. 

[0016] Formed on surface 1 15 of substrate 1 10 is waveguide 120 comprising thin 
film portions that make up core and cladding portions of the waveguide. In this 
embodiment, waveguide 120 includes core portion 130 having cladding portion 140 
and cladding portion 150 disposed about core portion 130 and in material 
communication with core portion 130 in an xy plane. 
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[0017] In the embodiment described in Figure 1, cladding portions 140 and 150 
are, for example, silicon dioxide introduced on surface 115 and substrate 1 10 as thin 
films. Thin film cladding portion 140 may be introduced by thermal growth, a plasma 
enhanced chemical vapor deposition (PECVD) technique, or other techniques as known 
in the art. Cladding portion 140 may be suitably doped as known in the art to lower the 
index of refraction of the material. 

[0018] Overlying cladding portion 140 is core portion 130. In one embodiment, a 
portion, including the entire portion, of core 130 is selected to include a material having 
a property such that an index of refiraction changes by an order of at least a first 
decimal in response to a thermal modification (i.e., a "thermo-optic" material). Such 
materials include chalcogenide materials. A common chalcogenide used in memory 
application is an antimony (Sb)-tellerium (Te)-germanium (Ge) compositions 
(SbxTcyGez) with the amount of tellerium equal to or less than about 70 percent 
(typically between 40 and 60 percent); the concentration of germanium between 15 and 
50 percent; and the remainder antimony. 

[0019] Chalcogenide materials are used in memory devices for their phase change 
property, i.e., a property that can be switched between a generally amorphous and a 
generally crystalline state by the application of thermal energy. The phase change can 
be exploited in controlling current flow. A fiirther benefit is that such phase change is 
reversible. 

[0020] In addition to undergoing a phase change (amorphous/crystalline) in the 
presence of sufficient thermal or heat energy, it is also observed that chalcogenide 
materials undergo a significant change in their index of refi-action in changing, for 
example, firom a generally amorphous to a generally crystalline state, i.e., in response to 
a temperature change. The change in index of refi*action between an amorphous 
chalcogenide material and a crystalline chalcogenide material is on the order of 3 to 20 
times. This is comparable to an index of refiraction change to thermal energy exposure 
on the order of about a fifth decimal (10"^) for silicon dioxide. 

[0021] Referring to Figure 1, in this embodiment core portion 130 comprises as a 
portion thereof, including the entire portion, a material having a property such that an 
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index of refraction changes by an order of at least a first decimal in response to 
sufficient thermal energy (i.e., a thermo-optic material). Core portion 130 is 
introduced, in one example, to a thickness on the order of 6 to 8 microns thickness. 
Such thickness is comparable to a core size of state of the art optical fibers for use in 
OEICs. Such a film may be introduced by chemical vapor deposition. Where only a 
portion (e.g., a selected volume) of core portion 130 comprises a thermo-optic material, 
the remainder portion of waveguide 130 may include SiOa or other material as known 
in the art. Suitable patterning techniques (e.g., lithographic patterning) may be used to 
define a volume of thermo-optic material less than the entire portion of core portion 
140. In one embodiment, the entirety of core portion 130 of waveguide 120 comprises 
a material or materials having an index of reft-action greater than an index of refi:-action 
of each of core portion 140 and core portion 150. 

[0022] Overlying core portion 130 is cladding portion 150 of, in one embodiment, 
SiOa. Cladding portion 150 may be introduced as a thin film, such as by PECVD or 
other process as known in the art. In the example where cladding portion 150 is Si02, 
the material may be suitably doped as known in the art to lower the index of refi-action 
of the material. 

[0023] One technique of forming waveguide 120 is to introduce the material layers 
of core and cladding portions as blanket layers on surface 115 and substrate 110. 
Following the introduction of blanket films of core and cladding materials, traditional 
circuit patteming techniques, such as lithographic etch patteming may be used to define 
the dimensions of waveguide 120. In one embodiment, waveguide 120 has a width 
(denoted by reference number 160) approximately equal to at least twice its height 
(denoted by reference numeral 170). 

[0024] It is appreciated that the structure (structure 100) shown in Figure 1 may 
have a plurality of waveguides. For example, waveguides serving to introduce/transmit 
optical signals through optical fibers coupled to OEIC structure 100 may be assembled 
as a plurality of channels (e.g., 4, 8, or 16 channels) of light receiving/transmitting 
structures. 
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[0025] Figure 2 and Figure 3 show schematic top plan views of an optical 
structure such as optical structure 100. Figure 2 and Figure 3 also show a light source 
emitter such as, in this case, optical fiber 210 coupled to optical structure 100 to, for 
example, transmit or receive a light signal from/to an OEIC. 

[0026] Figure 2 shows waveguide 120 formed on substrate 110 having core 
portion 130. The entire portion of core 130 comprises a thermo-optic material (such 
material denoted by reference numeral 1300a). Figure 3 shows a similar structure 
where the thermo-optic material portion of the core comprises less than the entire 
portion (denoted by reference numeral 1300b). 

[0027] In each of Figure 2 and Figure 3, resistor element 200 is disposed on 
substrate 110 adjacent a portion of waveguide 120. Resistor element 220 is a 
conventional resistor element, such as a metal structure or a semiconductor material 
structure coupled to a current source through, for example, conductive traces in or on 
substrate 110. Resistor element 200 may be used to locally heat a portion of the core 
material (e.g., the thermo-optic portion) so as to change the index of refraction of the 
core material in a localized area. A representative temperature of a chalcogenide 
material such as TcxGcySbz material is on the order of greater than GSO^'C to crystallize 
the material. 

[0028] As described above, a core material may be selected such that through an 
index of refraction change, a light transmission therethrough may be selectively 
favored. Accordingly, by controlling resistor element 200, an optical path on, for 
example, optical structure 100 may be selected and/or modified. Figure 4 shows a 
representative example of a branched optical circuit. Optical circuit 300 includes 
primary path 310 coupled to branch path 320 and branch path 330. A light signal 
travelling through primary path 310 towards the branch can, in this example, assuming 
the index of refraction of branch path 320 and branch path 330 are equal, travel in 
either branch. Figure 4 shows each branch path (branch path 320 and branch path 330) 
containing a core portion (core portions 340 and 350, respectively) comprising a 
material having a thermo-optic property (i.e., a property such that the index of 
refraction changes by an order of at least a first decimal in response to a thermal 
modification). Core portion 340 and core portion 350 are, for example, a chalcogenide 
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material. It is generally known that light seeks to travel through a high index of 
refraction media. By modifying the index of refraction of one of core portion 340 and 
core portion 350, the index of refraction of such material portions may be modified. In 
one example, core portion 350 is modified through heating resistor element 360 to 
increase the index of refraction of core portion 340. In this manner, light travelling 
through primary path 310 will preferably choose branch path 320 as a circuit path. 
Alternatively, core portion 340 of branch path 320 may be held constant while the 
index of refraction core portion 350 in branch 330 is elevated through heat generated 
by resistor element 370. Thus, the thermal optic core materials having index of 
refractiones that may be noticeably changed through the introduction of localized heat 
energy offers an effective switching scheme for selecting and modifying an optical 
circuit path. 

[0029] Figure 5 shows another example of the utility of a waveguide having a 
thermo-optic core portion. The example represents an application involving evanescent 
coupling. Figure 5 shows a schematic top plan view of substrate 400 such as an OEIC 
circuit substrate. In this embodiment, substrate 400 includes waveguide 410 and 
waveguide 420. Over a portion of the waveguide lengths (portion 425), the 
waveguides are brought in close proximity (e.g., within a few microns). An optical 
signal such as signal 415 is transmitted through waveguide 410. In certain situations, it 
may be desirous to switch the signal transmission (signal transmission 415) from 
waveguide 410 to waveguide 420. This may be accomplished by having the signal 
"jump" from waveguide 410 to waveguide 420 (e.g., jump laterally from core portion- 
to- core portion). One way to encourage signal 415 to jump from waveguide 410 to 
waveguide 420 is by modifying the index of refraction within one of the waveguides. 
For example, waveguide 420 may be heated, such as by transmitting localized heat 
from resistor element 460, to raise the index of refraction of core portion 440 within 
waveguide 420. In such case, core portion 440 of waveguide 420 includes a thermo- 
optic material (i.e., having a material property such that the index of refraction changes 
by an order of at least a first decimal in response to a thermal modification). It is 
appreciated that an optical signal travelling initially in waveguide 420 may be caused to 
jump to waveguide 410 by modifying core portion 430 of waveguide 410 through 
localized heat energy from resistor element 450 in a similar manner. Thus, selecting a 
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core portion having a thermo-optic property as described herein can facilitate 
evanescent coupling. 

[0030] Figure 6 shows still another example of the use of a modifiable thermal 
optic core portion material. Figure 6 shows two waveguides on a substrate such as an 
OEIC circuit substrate. Referring to substrate 500, waveguides 510 and 520 are 
disposed generally orthogonally with respect to one another. The optical path taken by 
signal 515 (either to waveguide 520 or waveguide 510) may be determined by 
modifying the index of refraction of thermo-optic core portion 530 disposed, in this 
example, in waveguide 510. By increasing the index of refraction such as by the 
application of heat energy, light may be directed into waveguide 510. Altematively, by 
increasing the index of refraction of thermo-optic core portion 540 of waveguide 520, 
signal 515 may be directed into waveguide 520. 

[0031] The above examples are representative of the many uses of a thermally 
modifiable waveguide portion, such as a thermally modifiable core portion. It is to be 
appreciated that there are many applications of routing, switching, or diverting optical 
signals in circuit substrates as well as in higher order structures, such as chip-to-chip, 
board-to-board, and system-to-system optical signaling. Accordingly, although a 
circuit level optical switching, modifying, and routing has been illustrated in the above 
description, it is to be appreciated that such application may be used at other device 
levels. 

[0032] In addition to thermo-optic materials such as chalcogenides, it is recognized 
that there are other materials that may be used in waveguides to modify the index of 
refraction within the waveguide or within an optical circuit of multiple waveguides. 
One such material is tantalum pentaoxide (Ta205). In another embodiment, a portion 
of a core of a waveguide, including the entire core, is tantalum pentaoxide (Ta205). 
Tantalum pentaoxide has an index of refraction on the order of 2.09. This compares to 
an index of refraction of undoped silicon dioxide on the order of 1 .46. Because of its 
greater index of refraction, a core portion, such as core portion 130, of Ta205 yields an 
optical waveguide having a greater difference in the index of refraction between the 
core and cladding portion than traditional silicon dioxide waveguide. In this manner, 
the integrity of a light transmission signal is improved as is the total intemal reflection 
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within the waveguide is greater with the corresponding greater difference in index of 
refraction. The higher index of refraction of Ta205 allows lower insertion loss and 
smaller feature sizes. In the switching/routing applications described above in, for 
example. Figures 4-6, Ta205 may be substituted for the thermo-optic core portions. 
Thus, waveguides may have a core portion of Si02 with portions of Ta205 at switch or 
routing points so that a signal is routed toward the Ta205 (the higher index of 
refraction). 

[0033] In the preceding detailed description, the invention is described with 
reference to specific embodiments thereof. It will, however, be evident that various 
modifications and changes may be made thereto without departing from the broader 
spirit and scope of the invention as set forth in the claims. The specification and 
drawings are, accordingly, to be regarded in an illustrative rather than a restrictive 
sense. 
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